Introduction
In the current stage, the rigorous forecast of hydrological risk phenomena such as floods and flash-floods is a very difficult task. Most of the speciality studies appeals to a range of hydrological models (Reed et al., 2007 , Looper & Vieux, 2012 , meteorological (Koutroulis & Tsanis, 2010 , Villarini et al., 2010 or hydrometeorological (Alfieri et al., 2012) related to the pattern of manifestation of flash-floods and floods, but these models have a series of drawbacks related to the precise predictability of intensity and frequency of these hydrological risk phenomena. In Romania, many specialty studies regarding surface runoff occurrence on the slopes and its potential to generate flash-floods and floodings, as a consequence, were realized (Bilaşco, 2008; Drobot & Chendeş, 2008; Mătreaţă& Mătreaţă, 2010; Teodor & Mătreaţă 2011; Zaharia et al, 2012 and others) . Though, the compelling prediction of the areas with high potential to hidric risk phenomena is limited. Therefore, methodology approach is being continously improved.
At European level, Romania is among the first countries in terms of floods risk along with other countries in Central and South-Eastern Europe (Roo et al., 2007) . The main causes of floods are linked in most situations to flash-floods that occur upstream of the affected localities. This is also the situation for the area of locality Cernăteşti, described in the present work, an area which was intensely affected by floods in 2012, this event being possible in the synergistic context both of favourable factors from upstream for flash-floods occurrence on Slănic river (later it turns into flooding downstream) and the lack of a viable system of forecasting and warning from the competent authorities. This paper aims to investigate both synoptic conditions directly responsible for triggering floods phenomena on May 29, 2012 in the locality Cernăteşti, but especially the spatial delimitation of areas affected by these extreme hydrometeorological phenomena with negative impact on socioeconomic elements.
The study area in the context of floods phenomena occurrence
The study area, space of the Cernăteşti locality, is in the lower sector of Slănic catchment in the vicinity of the confluence of rivers Slănic and Buzău (figure 1). Slănic catchment is part of Buzău catchment and it occupies in the Subcarpathian sector an area of approximately 320 km². Slănic catchment is predisposed to hydrological risk phenomena such as flash-floods and floods in the synergistic context of favourable factors such as low grade of hydrotechnical arrangement, large slopes with spread potential of flash-floods and flooding in downstream areas, high deforestation, etc. A main component that plays an essential role in forming flash-floods and floods is represented by topographical peculiarities. According to some speciality studies, Slănic catchment has among the highest values of surface runoff in entire Subcarpathian sector of Buzău catchment (Costache & Prăvălie, 2013; Prăvălie & Costache, 2013) . Thus, there is a high potential for triggering flashfloods, especially in the northern sector of the basin, causing to their turn a major potential to trigger flooding downstream. It represent the main cause of the events on May 29, 2012, when, after the occurrence of heavy rains in the upper sector of river Slănic, were triggered floods downstream where the peculiarities of the river bed (bed with small depths and large widths) favored and more the inundability of agricultural and built areas.
The substrate of the study area is generally composed of sandstone, schisty flysch, marl and clay formations, rocks which are generally characterised by low water permeability (Scrădeanu & Alexandru, 2007) and increase surface runoff. The most important harsh rocks which cause a low water infiltration and surface runoff are Răchitașu sandstones and the schisty flysch. These rocks are found in the upper area of the basin, on a 49,07 sq m surface.
Slope is one of the morphometric factors that have a decisive role in surface runoff. In Slănic river basin, slopes are high, exceeding 15° on more than 13% of its area, especially on the upper area of the basin. Flash-flood waves go towards water accumulation areas, with slope values less 3°a long the major riverbeds of the main water flows. In this case, localities along Slănic river must be mentioned: Lopătari, Mânzălești, Vintilă Vodă, Beceni and Cernătești. Convex surfaces, described by the profile curvature, where surface runoff occurrs, are found on almost 42% of the total area.
The shape of Slănic sub-basins is also very important for flash-flood waves genesis. The subbasins circularity ratio is high, exceeding 0.55 (Pecineaga, Coca, Plăvăț, Jghiab). The circularity ratio was obtained by applying the following formula: 4πF / P2, where F is the basin surface and P its perimeter (Pișota et al., 2010) .
According to the land use dinamics in Slănic river basin, forests have considerably decreased during 1990-2006, with almost 4000 Ha (Corine Land Cover 1990 , 2006 . This is very important for the surface runoff balance, because forest areas have an important role in moderating surface runoff, by interception and water volume diminishing.
Methodology
In order to analize the metheorological conditions mainly responsible for the flash-floods that occured on the specific date, in a first stage the synoptic atmospheric conditions responsible for the large amount of precipitations on 29 May were analyzed by using data on the relative baric topography between levels of 500-1000 hPa from the european (german) data platform wetter3.de. Data from hydrometric station Cernăteşti about level and flow of Slănic river recorded on 29 May, 2012, were used.
The second stage was to achieve a spatial model of the topography of the land for the space of locality Cernăteşti (figure 1). For a rigorous spatial analysis was used 1 : 5000 topographic plan from mentioned space, being extracted contour lines with an equidistance of 2.5 m. Topographic plan, obtained from the National Geodetic Fund, represented the basic support in spatial modeling of floating surfaces. Flooded areas were delimited by using the level measurements recorded at the hydrometric station Cernăteşti, on 29 May, when Slănic river had a maximum level value of 1.96 m (Buzău -Ialomița Basin Administration). This value was used to obtain the proper flow from analyzed hydrometric station using flow-level correlation chart. Flow values obtained were processed using spatial analysis software Global Mapper 14, where, based on the cross section profile from Cernăteşti hydrometric station was obtained the vertical surface of the water volume (fill surface area), surface corresponding to the obtained flow. The next step was to trace perpendicular profiles on the river bed at an equidistance of 100 m, based on 1:5000 topographic plan (figure 3), methodology used in different specialized studies for delimitation of flooded areas (Șerban & Bătinaș, 2011) . In this case, the profiles were drawn on the appropriate length so that it is obtained values of the volume of water surface in vertical profile similar to the value obtained from hydrometric station Cernăteşti.
This methodology was based on the premise that both upstream and downstream of analyzed hydrometric station the volume of water surface in vertical profile remains approximately the same, as analyzed section has a reduced length (approx. 2 km), and intake and / or water loss in this segment are insignificant. Thus, although in horizontal profile there are differences between the flooded areas, in vertical profile the water volume surface remains similar in the analyzed segment of the river Slănic, as previously mentioned considerations. Joining the 20 profiles is the last step in delimiting flooded areas. To delimit the affected socio-economic elements were mapped based on 1:5000 orthophotoplans, 2008 edition, houses and outbuildings, and also access infrastructure from the area of the Cernăteşti locality. Even if many social-economical vulnerbaility to hidric risk phenomena indexes can be found in the specialty literature (Sorocovschi, 2010) , the analysis in the present study focuses on a spatial index of vulnerability, obtained by identifying the number of buildings and the accessibility infrastructure (which are considered very important socialeconomical elements) from the study area.
Results and discussions
The end of May of 2012 meant for the south-eastern Romania a period of intense rainfall causing flash-floods and floods in several areas of rivers. Significant rainfall occurred in May 29 when the core of cold air from altitude shown on the map of relative baric topography between 500-1000 hPa , caused sharp instability of atmosphere (figure 4). Thereby the type Cb convection cells that arose by strong upward convection of warmer air from the ground, generated torrential rains that have come to cumulate 78.2 mm in the weather station Bisoca, a value that represents approximately 10% of total average multiannual amount at this station (National Meteorology Administration).
The high intensity of rainfall recorded on this day, in the Curvature area of Carpathians, generated a flash-flood wave on Slănic river, causing flooding of several households in localities along the river valley. Among these localities was the village Cernăteşti from the lower sector of Slănic, where the flash-floods peak flow of 92.4 m 3 / s and the maximum corresponding level of 136 cm (reported to the 0-levelling rod level) were occurred at 17 o'clock (figure 6). According to data recorded at the Bisoca meteorological station located in the upper sector of Slănic catchment (figure 1), the maximum hourly amount of rainfall was recorded at 6 o'clock, which was of 22.8 mm (figure 5).
Liquid flow had a simplistic character (a single top). According to Buzău -Ialomița Basin Administration data, water discharge increased in 11 hours almost 10 times (from 8.36 m³/s to 92 m³/s) (figure 5). Until the end of the day, water discharge decreased to 35,6 m³/s, the decreasing line being slower than the increasing line. Besides the climatic factor, which produced by its very high intensity the occurrence of a strong flash-flood wave, to the flood formation in the perimeter of Cernăteşti village contributed and the riverbed configuration of Slănic river in this sector. Thus the shallow depth of minor riverbed corroborated with its large width, frequently generate flooding of the river in the major riverbed as a result of flash-flood waves propagated from upstream.
Conclusions
The major cause of these hydric risk phenomena is the morphometric and hydrographical peculiarities of Slănic catchment, taken together. These features, combined with extreme weather events such as torrential rains of short duration and high intensity are the triggering prerequisites of the hydrometeorological risk phenomena with great potential for the production of socio-economic damages. Particularly, the conditions of occurrence especially upstream of flash-flood waves (and to a lesser extent the surface runoff on the slopes corresponding to the village Cernăteşti) in the context of strong torrential rains have caused major floods in the lower sector of Slănic catchment, with Cernăteşti locality being among most affected villages in the floodplain of the river. A major cause in the floods formation was represented also by the particularities of the riverbed with large width and low depth in the sector of the studied village.
In these circumstances, is necessary therefore an anthropogenic intervention for the arrangement of Slănic river in highly vulnerable areas, this responsibility belonging to the competent authorities regardless of projection costs involved.
